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PURPOSE:To enable a substrate treatment of a 
large area at a high speed by introducing the neutral 
active species generated by high-temp, nonequll. 
plasma into a treating chamber where a multicusp 
magnetic field is formed. CONSTITUTlONrGaseous 
oxygen is Introduced at 2005Ccm flow rate into a 
discharge tube 51 and gaseous silane is introduced 
at lOOsccm flow rate into the treating chamber 3. 
The pressure In the treating chamber 3 is 
maintained at8X10<-3>Torr. The high-temp, 
nonequll. plasma 60 rs generated in the discharge 
tube 51 and oxygen atoms as the neutral active 
species are formed. The multlcusp magnetic field is 
formed in the treating chamber 3 by a magnetic field 
generating mechanism 90. Electric power of 1500W 
is outputted from a high-frequency power source 33 
and a bias voltage is impressed to a substrate 
holder 2. The substrate 1 is heated to 150 deg.C. 
An S[02 film is deposited on a farge-area silicon 
wafer of 10-Inch diameter to obtain 2mum+ or -3% 
film thickness distribution. The inside wall surface of 
the treating chamber 3 is coated with a fiuororesin 
to prevent the decrease in the neutral active 
species. 
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PURPOSE: To enable a substrate ire^ment of a large area at a high 
^jeedby intnxkKAyg the neutral acdri^ specfes g^Temled by hi^temp. 
nonequiL plasma ffjto a tfeatk^ d^rrdber wf?en9 a multkxt^ m^etb 
fmklislbmiecl, 

CX>NSmunON: Gaseous oxygen & hbvckJceclatBXJsccm Howr^ 
into a discharge tube 51 and gaseous silane is introduced at lOOsccm 
How rate into ttie treating dmnt>&^3. The pressure in tiie tr^Sng 
diamber3isrnahtahedat8x10-3Torr. The Ngthtemp. rroneqiHl. 
plasma 60 is generated in the dist^iaige tube 51 and oxygen atoms as 
ffie neutral active ^:)edes are forrned, Tt^muSk^sp magnetic field te 
formed h tiie trea ting chamt}er 3 by a m^ne^ Held genemting 
mechanism 90. Electric power of ISOOWis ouputted from a high- 
90 frequency pow€^&3urce 33 aruiatdss voltage is Impressed to a 
substrate hcM^ 2 The SLi>strale1 is heated to 1S0Xi.An^21^ls 
deposSjed on a large-area silkx>n wafer of lO-inch diameter to otjtah 
^m±3% Sim tivd(ness distrbutiai. The inskie wall surface oftiie 
treaSff}gd7arnber3lscoatedmtiiafluororesintof:^e^ 
the neutral active qxdes. 
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*NOVCES* 

JPO andlNPiTare notre^xmsiUe H^any damages caused by Ihe use of tills translation, 

1. TNs documeratias been IranslatBdt^ computer. So the iransbiton maynctr^lecttfie <x^rwd fxedseiy, 

2. *^ shows the wordwhidi can mtbe translated, 
3Jn tfia cbmmgs, any wc^ are not translated. 



CUifMS 



[aalm(s)] 

[Oam IJV^e plasma genera^ room ]A/hlc^genersiB3rieutr^ 

adjoined the plasma generaiirig room arid has t^emarrariged. The exhauster style wNdi&diausts to a vacuum 
the substrate electrode lyolder whidi is in^led in the processing Interior of a room, and hokJs a processed 
subsbate, and a f^^ma g&ierating room and the proc^sing intericH' of a room, in the plasma treatnait approach 
offmcessing a sutetrafe ushg pla^a treaSmmn equpmmt equipped mth the gas h^atim device whic^ 
introduces a gas required for the surface ir^tment of a preceded substate at least into one side of a pta^a 
genera^ room arid a processing room Generate ^eyated-t&vp&iature nonequilbrium plasma atsaid plasma 
g&ieralkTg room, and neutral active spedes Is generated by acti\/athg a gas by this eleyaHed-temp&mtra 
nonequHSmtm plasma. The plasma biealmera^:proadi cdiaracterlzed by fxvc^tng a substate by neutral active 
spedes where the plasma oftiieiyrocesslng indoor sec^n is separated fran the wall surface of a processing room 
bytiie muithojsp fidd which introduce tills neutral active spedes Into the processing room, and was formed in tiie 
ffileriorofaprocessn^romi. 

[C^m^ The plasma treatment af^ach according to claim 1 cf^iracterizedbyintroducirgthe2ndgasfequired 

for tiie surface treatment of a subsirate Into a processing room, and processing a substrate whUe htrodudng the 

1st gas required for title surf^ tr^tmentofa mjfosltraSs hto a pla^a room, passing tiie biskte of^evaied- 

t^peraturenmeqi^xkimf^snfiafc^ tills 1st gas and generating neutrsti active ^:)ecles, 

[Claim 3] The plasma generating room whkti generates neutral active spedes, and tiie processing roav which 

ac^ined the plasrriager)erating room and has been arranged, The&diaus^stylewhldi&chauststoavixuum 

thesUjstrsteefodrvcfothMerv^^l^ 

sut>strate, and a plasma gaierating room and the fmcessing Interior of a room. In plasma treatm&it equlfment 
equf^Ded witii tiie gas ir^taHation device which Introduce a gas required for the surface ir^tment of a processed 
SLriislrate at f^sthtoorie^de of a f^^na generating room arxi whUe forming a miMiX^ 

ffefaf In tiie int&ior of a processing room Plasma tieatment equipment characterize by having cov&ed waXi 
surfaces other than near tiie sf^node of a multi-cusp tield by tiie neutral active ^^edes retiective member among 
tiie internal surfaces cfa processing room, and dianglng the cpjaSly of tiie mat&^ c^tiils neutral active ^Dedes 
reftectiverrienriberv^ tiie quaSycf the nris^^ 

[Claim 4] The qualSy of tiie material of said neubal active spedes reffec^e member Is plasma treatment equpment 
according to dakn 3 charaa:ert2sedtyt)^rg an oxide, a tiuorc^i^'n, or a sffKxm cxmiDound, 



DETAILED DESCRIPTION 



[Detailed Desay^on of the Invenikm] 
[0001] 

jindustiial ^^:plicatlon] This Invention relates to tiie plasma treatment approach and equipment which deposit the 
i^m on a substrate, etdithe film a substrate, or reform tiie tilm on a substrate using the plasma. The plasma 
treatment af^roach of tills hv&Ttfon activates a gas witii tiie plasma, and is related to tields, six^h as generatir^ 
various khds cffkn ^einsL^Oortilm, a protective coat, the serru-conckx:tor1Sm, metal m&rO^ane, Gtc.) used for a 
sensor, an optic, a sound product, a semiconductc^de\^e, etc. using tills, etching these film, perfcmning surface 
dining and surface treatmentofa processed mat&ial, and performing surface hardening of a cutter or a cutting 
toot. 
IP0021 

[Desaiption of tiie Prior Art] By activating a gas by the diverge plasma and making the quality of the specified 
substance dq^osit on a substrate front face using this active ^xdes, it tiiirhfilm-izes or progress rapid In recent 
years Is sfiownlhm advantages, ^it)econriesfXJ3s3jleforttiee^:^madiwtuch 
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treatm&it etc. enougtiandiscanwdoutitbelngabletof^oc^atlowtemp^a^ 

in the Ibrmer I Altiiougii ac^e specfes means an isolaHai i<ind (mclk:a^, an ^cdtatbn kind, an eiectron, ion, or 
sudimixtufB, espeaaMynvsirwmitkm '^rete^ Neubial 
acds/e specfes mear^ a neutmi bola&>n land and a neutral exciia^on kind eledncalfy. An isolation land points out 
acffiity-the atom or mol&:ute iscMed firm the mc^eojte by v^idi Uie ba^s was statHltzed, and is in a ground state 
in i^dpte. An excOaaim Imd wiBbe h an actMty-conOtion v^^tien thealomorthernoleciaenKy\/ed Irom^groLmd 
state to the eKdtation state. 

[0003JBytiie way, in Hekis, such as a sensa; ^idanqySc, ^pedaliyasemiconduciDrdevte, homogeneity and 
N^'^ye&S surface beatmentare called for by fte large area. Far this report, the unifdmi high d&^yfJasma fe 
produoedbylt^ large area, and the ecpMprrmnt wt^ canp&fomi surface treabnent is called for, conMng active 
spedes. On the other hand, in the Efface treatment almmg at hardening of a ojtt&r^ a cuWng tool, eta, the need of 
performing prochJcHm of the diammd-Oo fHm a-BNfUmat ft/gft ^eed has arisen. For tills reason, deveiofment of 
(he equpmmt wtvd) Installs a substrate in the locsSibn y\fh&B the conoentra&xi ofac^ ^pecfes is ti^h, s^kS 
performs higfi-speed surface treatment is desired. 

fP004]As invention whth reaSzed the good surface treatment process at sucti a tiigh ^eed, there are some vvhidi 
were indicated by JP,4-71S75,B, JP,62'227089,A and JP,63'1 66971 ,A Itisposslt^etoperfmn v&y good surface 
tmatnients^thesehventtonlsbwedon^pplksa&xic^ana^ 

spedtication. Among these, tiie pia^a treatment equipment indicated by JP,4'71575,B is J. VacSd. TechnolA4 
(3) (1986). It is important as tiih film produc^on equ^ment for semiconductor devices as inc&:atedt}yp.47&479. In 
addition, altirough tire vocabulary tiie "L7E plasma" com^ out in saldspedtication of an ctfkssd report cf three 
affws, tills is the seme as tire "defvaled-tenpeiBtiffe nonequilibrium plasma" In this apf^katim spedficaSm, 
fOCXJSj In production of recent years, for example, a semiconductor c^ce, water afee is becoming still ^ger. 
Atoneower, tiie mc^e Resized di^y has been calted for also in di^yrel^n. Thus, dnce tiie surface area 
y\rfik:hp&ibrnissur^cetr^trnent ^3^^ andwioe surface tiieatirient high-speed about these is ^soreqid^ &is 
uritibmrinnjchnwre and tiie hfghd^T^pb^ 
for. 

[0006] By the way, tiie tiling using a multi-cusp field is known as a tedmique which carries out uniform surface 
pr^yarstion by tiie terge area, R>re>c^^ whatfornisan%ilti-aisp1ieldhaf^srrmgerieratingr^ 
v\^idi forms a multi^sp fidd intiiepatiiortiw processing room itself from a plasma generating room to a 
processing roan are knomi (fbreKamf^, JP,63-1^229A JP^'17636,A JP,2-2225:^,Af, 
[0007] 

[Probiem(s) to Sdvedby the Invention] It is wdl-known txm dxive-m^tion&iJP,4-71575,B etc. to gen&ate a 
lot of active spec^ using devated-tempersture nonequilibrium plasma, and to process a substrate using thb. 
Moreov^, it is also wdl-known by conSnnig tiie plasma in har^og&ieity using a multi'<:usp Held to process tiie 
sut^OalB cf a areata tmtKjg&^yfifom atx}ve'mentionedJP,63'19S229,A eta Howesm', wtii tfie 
conventional plasma treatment equipment using a muUhcusp fbkl, tiie plasma is confined in homogeneity using a 
muffi-CL^p ^d, andasubstrate is processed i^r^ diarged par&^es, such as an eledron inskletiie f^asma, and 
ion. On tiie otii^hand, equ^entfc^reaMng procesmfig of a h^h speed and a lairge ar^ is desired etout tiie 
sut)strateprocesdng by neutral ^^e^Dedes. 

[0008] Th&re^e, tire purpose oftiiis inven&>n offers tiie plasma treatment apprc^di and equfment viriiidi 

enat^led substrate processing of a high speedandalaige area using n&Jb^ adive^^ecies. 

1P009] 

P^^eans fc^ Solving tiie Prot^em and its Funcffon] The processing room which the 1st invention adjoined the plasma 
generatirgroomv\^idigen&iatesneutrdadJve^edes,an^ and has tteen ananged. 

The e)diaLGter style whidi exfmusts to a vacuum tiie substrate dectrode holder wfiich is hstaHedin tiie processing 
Interior of a room, and holds a processed sdi^stiate, aruJ a /^a^rta generating room arid tiie processhignTterior of a 
room, In tiie plasma treatment approadi of processing a substrate udng plasma treatm&it equi/ment equipped 
witii tiie gas hstallation device wlildi intixxkx^ a gas required for ttie surface treatment of a processed substrate 
stteastkitoartesktecfapla^a^reraSk^ 

nonequilibrium plasma at said plasma gen&^ting room, and neutral adive species is generated by activating a gas 
by this elevated-temperature nonequilibrium plasma. This neutral active spades is introduced into a processing 
room, it is in the condition whidi separated tiie plasma of the processing indoor section from tiie wall surface of a 
proofing room tyy the mtdti-oisp famed in tire OTteriorofaimcesdngnxxTi, and a sutjstiate is processed by 
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neutral active spectes. In addition, in this specification, a "substrate" means ttm object wfiicti carries outple^a 
Ireaim^t, and the cmf^uraSon of not onfy a tfiin tabular thing ttut artnbaSion is indud&i. 
fOOIOI Byltm fdasma treatment ^:proach, a k3t ofnailmlm^ivespedesarBgen&:^^ by u$t\g ^es/ated- 
temperature nonequilibrium plasma Urst a$ compared wlh the usual plasma. And this neutral active specie is fed 
toU7epmces^ngroominy\^iic^themul^^^fi^ and a substrate is fxxx^ssed. Bytheway, 

aHhoL^ a miiS-ci^ ndd affects a mo&jn cfa diarged particle, itdoesncthave dSrect effect on the b^vic^ of 
neutral active ^)ed^ In this inv&Ttkxi, h axler to mate itnotbrhg the plasma of the processing intmkxrofa room 
dose to the internal surface of a fHOC^smg room, the mufS<^p field is used. Since Ms invention £jses neutral 
active speaes for substrate proces^ng posiHv^, it is imptxtant for S: to make it a lot of neutral active ^)ecies 
g&i&atedm e^^/ated-tenperati^ nor)eqiM)rnjm plasrna not (^crease vasity ki theprooBs^TgHTterkx-ofa room, 
Aitfrough neutral active ^?edes is neutrality elec^icalfyttT^ it cannot shut up near the cerjter of the 
proc^hginterbrofa rocm d^yending on a magnefc iSie/d Therefore, rm^ active ^Decies v^ffH collide with the 
oTtemal surface of a /messing room h a kwjXBSSU^ When neutral active specie 

colBdes witii the htemal surface of a fmcesshg room, an active state wSI be lost depending on tiie quality of the 
material of an internal surface, Th&i, even if neutral active spedes collides by de\4sing tiie quality of the material of 
Uie IrTtemaisuriiace of a fDroc^ssif^rocm, it is dxiraUe to make itneubalactive sf>ecles return to the interia^ofa 
proces^ig room as mudi as possnbfe vnlh an active state. However, tfie nTlemat surfiace of a processing room b 
e)qx>sed to the plasma, tiie vMh efface cf ejection of the quality of the material of an internal surface will be 
restricted, arid it will ttecomein^jossible to use an effective neubalac^ Then, rtis 

made Ibr the plasma of tiie processhg intertor of a room to sq^arate from tiie internal &jrface of a processing room, 
^Tdi&iat^ it to dioose tire oplknalrieuti^l active spectesr^lec^ 
tills invention. 

[001 1] Rhine-like a cusp Udd, ora ring-IS<e cu^ fi^ orbotii canbinatA>n is sutiidentas tiie multi-aj^ tieklin tiiis 
sTventic^, and any cusp ^ktcan be usedfc^H 

[0012] The semantics of tiie elevated-temperabjre non&juilibrium f^asma in tiiis invention is tiie same as the "LIE 
plasma" indicated byJP,4-72575,B by applk^ation of an applicant for this patent Elevated-tanperature 
nonequilibrium plasma can generate a tot ofaoOve species as cxjmpared v\M) the usual ghw dtsdraige plasma, 
mdrrianyneLtrsd active sped^s^axtsA^ IntiushvenOon, theseneutral 

active sped^ of a tot of are positively used fjr substrate processing. By tiie way, as long as electrons, ion, eta 
oth&- than neutral active species do nof dknbiate parik^j^'ng in sutjslrate processing ami, as for tills invention, 
have played the rdevi^rreutral active ^Dec^h'f)^^ ottierdmged particles may 

participate in substrate processing. 

[0013] In tiie 1st invention, it Introduces tiie 2nd gas requited for tiie surface treatm&it of a substrate into a 
processing roan, and processes a si^Dstrate while tiie 2nd invaition hiroduces the 1st gas required for tiie suriiace 
treatn)&ntcfasiJi}s^ehtoap^^^riarocm,passes1t^ 
tills 1st gas andgenemt^ neubal active spedes. 

[tX)14} Tfie processbig room vWrfc/i tiie 3rd invention ac^oined tiie pl^ma gen&ating room whtoh generates neutral 
xtive spedes, and tiie /^asnrngenaatirig room, mi hashes Iheextmi^terst^ev^Tk^&dmuststoa 
vacuim tfie sutsstrate ^ectrode holder v^udi is hstsSed h the procesdng interic^ of a room, and hokis a processed 
substrate, arKi a j^^nm^ieratingrocm and tiie processing interior of a room. In plasma treatin&itequifment 
equifjped witii the gas installaSon devtoe whkdi Introduces a gas required for tiie surface treatment of a processed 
sutjstratB at teast into one side of a f^tana generating room and a fmce^ing room, wtute forming a multi-cu^ 
field in the interior of a fyocessing room Wsil surfaces otiier tiian near the splnode of a multi-cusp Held are covered 
by the neutral active spedes raffed^ member among tiie internal surfaces of a proc^ssir^ room, and the quality 
of the material cflhis neutr^ acSve specfes reflective memt)&' /s dianged witii the quality of tfie material of a 
processing room mntigiMBtion member. 

[001 SJ This invention covered tiie internal surface of a processir^ roan by tiie neutral active spedes retiedive 
memb&', tfiereby, reflected n&Jtr^ a(^vesi:)edes by tiie neulr^ active ^^es reflective 
possiibfe wffi tiie motive slate, and has prevailed r^kxtk^ cfr^jtrsd active spedes. The muHi^u^ HMhas 
prev&ited trying for tiie f^a^a ofthef}rocessinghdoorsectton not to apiDroadi a /yrocessing indocx^waKsit^ce, 
and a neutral acth/e ^Dedes reflective member t^ing exposed to the plasma by this, a neutiaf active spedes 
reflective member's receiving a dama^, or tire inconv&iientmalt& disperdng in substrate processing in tiie 
proc&sff^HTteriorofa rorxn. In adc^on, t^etler not io arrange a n&Asd active fpedes reftedive memberne^ 
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[this ] sphTode, since the plasma of the processing interior of a room can approach the internal surface of a 
prvces^ roan near tfie sjx'node of a multi-cusp Held The internal sui^ce of a processing room may be coated 
with a neutral acn\/espei^r^eaiv&rnernber, nie htmr^&jfffacecfafx^^ 
it may arrsuige a member separate from a processing room. 

[00161 Since it becomes impossible ibrreflecttng )/vhile this neutral active ^aedes hadmasitsdnedihe ac&/e state to 
almc^ exped \A^en neubal active spec^ collides wltti a metal waKsi^ce, as fr^^e hUrnied&jff^tceofa 
prooessiry room, it is destable to covm- with ffieciuaBtyoftiTe materials odier &ian a metal. Then, the 41h inven&xi 
uses Uie oxkb, ffie fluorc^esin, or Uie silicon compound as the quality of ffie materwdofUie noArai active spedes 
reffedive memtt&'in ihe3rdinven&yn. As an oxrafe, quartz^ass, an alumina (aluminum 203), Pyrex ^radmmk) 
glass, etc. csai be used. As a ffinjror^i, pofy ietraHuoroethylene is exoe^tin cfiemicalstatMy and high 
temperature oxidatbn stat^Sty, and the most desirable, SIN and SiC can be used as a silicon compound. As for the 
quality of the material of a neutral acOva spedes reHective member, rtte datable to dK)ose according to the dass 
of neutral active specsnss to be usee/. 
S0017} 

fExamr^el Drawing 1 is the transverse-plane secSonal view of an example of the equipment for enfordng me 
f^ma treatm&it sfproadi of this inventiai. This plasma treatment equipment mainty consists of the processing 
rooms, thesLiy^rateeleclrodeholderPoftiiatlnterk^, thepotj&-!tkd(x>rrlTc^grrwchar^T}30forocff^^ 
pot&itkd oftiiis stAstrate electrode holder 2, the exhauster style 40, the elevated-temperature nonequilibrium 
plasma ctevelopmentaf medianlcs 50, the Istgasinstailation device 70, the 2nd gas installatiort device 80, and 
multi-cusp neki devekpm&ital mechaivcs 90. Herder, the structure of each part is &q)lained to a det^L 
[0018] The SLriy^raie GtectrodetKA^2 ishHiefmcessttgroom 3, and the sujbs&ate I wtwh perkm^ stallace 
treatm^t on this substrate electrode holder 2 is held. The processing room 3 is a imduct made from auslenitic 
slaintess steelj aboreisatx>ut4Scmandh^ihtis30an. Thedianieterof1hesut^tratBdectrodehokier2isabout 
30cm. 

[0019] The temperature-corrtrvl ctes^c^ 20 is formed in the substrate eledrode holder 2. A thermocouple 21 
measures tlje temperature of the sut>strate electrode holder 2. The substrate electrode holder 2 is cooled by tiie 
cooiir^ medium whidi is heated at tire heater 22 fcx' heating and Hows the inside of a coding p/pe 23, As a cooling 
medkjm, gases, sudi as the corrv^ressedairandhelkjm, or water is i^ed. Based ai the tenpe/aft/r^ c^the 
substrate electrode holder 2 measured with the thermocouple 21, with the tieat regulator whidi is not illustrated, the 
suppty vol^ge to a heater 22, the t&rtperature of the coc^ng medim) in a cooHngppe 23, arxltiie anmuntof 
supply can be adjusted, and It centre set as the sut)stralB terrperaturemsKte into ffiepiMpose. 
pXSO] The potential controlling mediant 30 fi^ controlling the poterrtial of a sut^trate fe formed bi the sutjstrate 
elecbxxieiTdderZ An insulates 31 is t)eiween the sutjstiateetedrodehoicter 2 and tiie processing rcx)m 3, ard 
tx}th are insubted decticaBy. H'^frsquency power Is bn/xessed to the sutstrate dectrode holder 2 fivm RF 
^nerator:^tivoi^ac£padbx32^ FiX'exarnf^e,aFV^with a1rBquerKyof13.56^Hzte 
1 500W, and it is impressed by the sut^sba te electrode holder 2. A capadtc^ 32 adjusts the impedance at the time of 
RF impression. Mhough stM:h a capa£^32 m'llbelnevitat^lmnedifTnrKMc^ as a 

matchhg drcuitis used, this capxitor32pbys the rote by wMi the sdf-bias (txas compment of a dtect OMren^ 
of^siAstrate 1 fmdut^bynr^jressionc^hlgh'liiequenc^ Generaify this self- 

bias is a native dc component and what has posHive diarge among the active spedes whth e)dst in the 
processhg room 3 is accelerated by tills toymrdasut)strate t Moreover, a Irequency beccmes it is also possible to 
use the RF g&imatorcfldizopcter, mnlpOGstte [ being afofe to msd<eposSive diarge exerdse net only by the self- 
bias compment but by RF electric Held, and dtoodng the expc^ure of active species as arbitra tion ] in this case. 
Furtii&more, DC power srjpply or a SO-60Hz commerdal frequency pow&r source can also be used hstead ofRF 
generator 33. In tills case, a capacitor 32 \mS be r&vaved, 

l0021]N&d, tire&(haij^styte40rsei>pl&h&i, The^bitiieimcesshigroom3ise>dmustedby1he 
turtx>mdecularpump 42 through a main vah^ 41. An oil se^ed rotary pump 43 is ibrp&ibrming differential 
pumpir^ of a turborrK^ecu^ pump 42. When tiie pressure in the proc^sdng room 3 needs to be contrdled to a 
precision, it is effecSve if a var^bte condkxtancebUb (not shown) hstalledbelwe&i a mah uaA/e 41 and a 
tiMtomdecularpump42. BydianglngtiiecmdixtarKieofayartet^conductari^ 
manometer (not shown) formedin the processing room 3, thepressurein tiie processing room 3 be kept 
con^ant Moneover, Ske [attiie time of substrate eKdiange }, in orafer to e>&iaiM tiie processing room 3 from an 
aSiTHysptwrtof^'^sure to tire pressure (sdxHJtl T<m)<^a ti^rndeui^punp42wttichcanbeq^ the 
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slamming &diaustafr system whid) is not illustrated is required. It is effec^e in a sklmmir^ exhatst ah- system to 
use togeth^a Roots pmiparKi an oil sealed rc^ary pump, 
[0022INe>d, iheele\/ated4ernperalurenmecpj^ 

generating room is formed with ttie discharge tjbe 51 made fivm quartz glass (SKD2}, This disdiarge tute 51 is 
used as double tutxng of quartz g^ss, poured water and has ax>l&J in the meantffne. This hwpres/enled the 
dissolution of the iSscharge ttdbe 51 bypdasrrm heatkig. In adcM)n, aShoL^ the elxMig rate of the quartz g^ by 
the fluorine radical increases and the damage of quartz glass t>ecomes large so Uiat the temperature of the 
discharge tube 51 t)ecomes high when a Huorir^ radical is in ttie f^isma gen&a^ IntBrior of a room, the atxjve- 
mentioned cooling me^TS e^lecSve also in fxeventing this. 

10023] The cc^ed form ant&ria^ is arrar^^ The ^llernaikjn power emStedfiom 

RF generator 53 is impressed to an antenna 52 through the matdhing drcuit whk^ is not illustrated. If a gas is 
inbvduced into a plasma generating room and atme-mentioned altanatim pow^, the bae of the disdyarge ft/te 
57, eto. satisfy predetemiined conditions, the etes/ated-t&vperature nonequilit}riiffr} plasma 60 wiB occur. A switdi 
54 cfiooses the c&ectk>n cfffre touch-cksuMi of an antenna 52. In additton, Stls^Dodalso considering theboOi aicte 
of an antenna 52 as Hoaffng potenSal, or good also as a conHguraHon whidi grounds upperlimitora lower limit, 
[0024] The fxoduc^on af^Droach and equifxnent conf^natbn of the elevated-t&T^ratiire nc^Tequilibrium p^ma 
e0arebxlicatedhd^byJP,4-71575,Bby^ypacati^ JP,62-2^089A andJP,63- 

166971, A In addition, vocabulary called the LTE plasma indicat&d by the official report offfiese three affairs has 
pointed out the same thing as the ele\/ated-t&vperature nonequilibrium plasma In tills application ^Deciffcation. On 
tills af^lcaiton specilica^c^, rather than the vocabulary the "LTE plasma", the direction of "elev;^ed-temperature 
noneqiM^fkanplasrria"ctep&idedreltecit^theact^ con^c^edthesiatabtevocatxjlaiy, 
and /las adopted this, 

IP02SJ Next a flss inst^latkMi device is explain&J. This exanpte is ecfjpped with the 1st gas inslallation device 70 
and the 2nd gas hstaS^lion device 80, In ff^ 1st gas instaSaUon device 70, the 1st gas passes along a pressure 
redudng pressure cmtrd valve from Oie gas tx)mb which is not illustrated, and control of flow otitis carried out by 
the flow contrdler, and it is introduced into the interior of the discharge tube 51 fmm Ihe direction of an arrow head 
72 tlvough a bu&> 71, The elevated-temp&ature nonequillt)rium plasma 60 is ac^vated, the fiigh-cmcentatbn 
ac^spec^ 4 produces ffils 1st gas by tf^,arKl neutral active spec^te mainly used for ^ 
treatment among Uiis active species. 

[002^ In the 2nd ^s InstalbOon ctevice 80, tiw 2nd gas pass&s along a /xiessure reduar^ pressure control valve 
fiom the gas borr^ wfwjh is not Migrated, andconMofHowof^b carried out by the Aywcmtrc^, andRls 
introduced in the /mcessurg room 3 from the direc^on of an mow head 82 through a bi^ 81. The 2nd gas lets the 
stoma 84 of a large number pr^yared in the gas bkywdomi ring 83 ofm arudiorrmgpass, and fe introcAjced into 
ttie int&k)r offfie processing room 3. 

[0027]Or^mtiithe2ndgas,ifan^gon&a. isusedasthe 1&gasv]riTen^elevated^en^Deraturenonec^ 
plasma 60 t>ecom^ unstable. It will become pebble to stabilize the elevated-temperaiure nonequMmim f^asrrja 
60, and good surSa(^treatment]Mll become pos^ble [with a sufSc^^ 

[0028] Nex^ the rmM-cu^ 1^ developmental mechardcs 90 Is eoqidahed, DrawirKj2 (A) is theA-A line sec^onal 
viewc fdbsrm^ 1 . The muM^^u^ field S3 is fcmned in the perimeter of the outer wall of the 
arranging many magnets 9 1 . Each magnet 91 Is prolonged for a long time in tfie vertical direction (refer to drawina 
± ), and the Rtiine-like multfct^p fieki 93 is fcmted in the Interior of a processing room. As for a niagn^91. It is 
dest^st)tetomakepaweriUma^rets, stK^asasamarkjmcobaSms^nei &ns^, andtoanar^th&nder^efy. If 
the pole face of the proces&'ng romt 3 and tire opposffe side Is fixed toPau 92 produced whh /emffic 
stainless steel and it carrtes out like tills, a magnetic ti^ can t}e generated more effecM/ely. 
[0029] Drawhg2 (B)btiTe tat-SLolace secffonal vmw vHiidr e>q3anded near the waB surface of a proce$$ir)g room. 
Theht&Tisd&Msa:ecftt^proces^tgroom3iscav&ed^ Thte 
n eutral adive spedes reflective m&Dber 94 does not exist near [ spinode 95] a muiti-ojsp field, but is installed only 
In the locatton distant from ^jinode 95. In this example, ihe neubal active ^Dedes reflective memt)er94 is fcm^ed 
mtiipolyteirafluoroethyl&Ta. Ck>ating oftivs neutral &::^spe(^ reftective member 94 Is c^riedoutto tiie htemal 
sur^ice cf ttie proces^ig room 3. The plasma hthe processing room 3 Is shut up near the renter of the 
processing room 3 by existence of ihe multi-cusp tiekl 93, and the plasma does not touch tiie neutral active spedes 
reflective memt)er 94 witii it by it Moreover, altiiough tiie plasma can ^Dproach a wall surface In tiie sphnode 95 
ri&gNxxhood, shoe tiie neub3l active spectes reflective me^ tiie n&jtral active 
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^e(^ruileciivememlDer 94 is notion Th&iefore, tiie neutral active spe(^ r^lec^e 

nwn^yer94doesnotreceiwa(i^7j^e, {^themaBerincmvenienttosLij^tepivc^^ 
ttie ptttc^ing interior of a room. AHhougli it will coliide mth the neutral active spedes reflective memb&^ 94, 
witiiout confining neutral acli\^ spedes in the multi-<:usp Held 93, neutral active spedes can return to the interior of a 
processing room, reflecHng by the neutral active spedes reflective memi^r 94, ard maintaining an acUve state. 
When ^ neutral acSve^)e(Xsr^ectiverrTen}t>er 94 does not e>^ neutral acUve spedes mS coOde wth the 
internal surface of stainless steel, and the acOvrty mil be lost. 

f0030] In addition, in the example c fdrawirm2 (A), alOxn^ Ow pole piece 92 is Ibrmed annulariy, by the example 
o fdrawina2 (B), pote piece9^b cMiedso Hist only tiie m^inet91 ofan^jac&itpairmaybe connected. If it 
carrl^ out like ttie fatter, since the outer wail of the processing room 3 can be ^fxoadyed irom tretween pc^e f^ce 
92b, a viewport and various kinds ofporis can t>e installed between magnets 91. 

[0031] N&(t, the example whk^ ^i^ledtiie equpment shown in dramm 1 and drawlna2 to ttie acbral surface 
tre^ment process is ^lown, In dbmrhal , oxy^ gas teps^edby ttie flow rate oif2CX^ocm(s) ffirough the 1st 
gas instsdlatk)n device 70, t\Aor^ver, silane gas is passed by the flow rate of 1<X^ca7i(s) ttirough the 2nd gas 
ffistallab'on devtoe 80. Theprxsure in Oie /i^ocessing room 3 is maintained at 8x1 0-3Torr, Aftemaiion power 
(13.5eOMHzandaiW) is outpul^lrom RFgen&ator53, andffie Intertorofthe disdiarge tube 51 is made to 
generate Uie eievated^emperabire nonequtSbrksn /^asma 60. Maneover, the sdtemalton power of 13.S6SMHzand 
ISOOWis ouputted fran RF generator 33, and bias voltage is impressed to the substrate electrode holder 2, A 
substrate 1 carries out heathg maintenance through ttie sidjstrate dectrode hokier2 at ISO degrees C. SiCS fibn 
was cteposSed on the large £ffeadlkx>n wafer 1^ a Theffiid<ness 
distribution became 2micrometer**3%, and was very good, [of ttie homogeneSyofthtkness ] 
[003^ By the time tins Si02 film accumulates on a sut}strate, the follomng phenomena will have arisen. The 
efevatBd-temperature nonequHSmim plasma 60 is activated and a tot of oxygen atoms (neutral active spedes) 
fxxxiucetiie oxygen gas kmdLKsedfrrm 1stgas k^s^dkm<to\rice70. Onthe<aTerhand,thep^smaofUie 
processing int^'or of a room decomposes, and silane gas (SiH4) sen/es as SIH3. An above-mentioned oxygen 
atom borrows ttie assistance of the heat^iergy from t>readth and ttie twated substrate 1 1n tiie precising interior 
ofaroom, and reads wthSiH3, and^2f^d^xjsrtsitonasubsirate 1. SnTceihepressiMiehthe/mcesshg 
room 3 is as low as 2x10-2 - SxlO^Tar, it will reach /Tear ttie bilemalsifffy^^ of a fmc^sing room ^equ&itty, 
without tiie mean tree path being comparative^ long, and an oxygen atom colliding with other partldes not much. If 
an oxyg&i atom collides wflh the neutral active spedes reflec^e memt>er 94 (ref^ to drawing2 (B) ), it reflects with 
an ax^ien atom (rwrrrwiy, have n^ikitained the active state), said the most r^Lms to ffw jfxoces&ng hdoar sedion. 
IP033J If tfie neutral acSve spedes reflective member 94 does not exi^, itwiilcollide with tiie interns^ suriiace of the 
processing room made frcm stwitess steel dneOly will comtme wi^ a wall surface metal tanporarOy, and an 
ox^enatom wffl become an oydde. If sun oxyg^ atcm colSctes with thb part further, itv^readwShffie oxygen 
stom comtmed w8h the metal, and an oxygen molecule will te made. Even if this oxygen molecule returns to tfie 
processing ht&ia- of a room, it will not contribute to a film deposition readion and will only be exhausted. 
fOCm] aOerall, arxxxdhg to this example, it could conbtnjte to the film depodtiai r&action, v)4thout l>&ng tost vahfy 
h^/mces^kiteriQrofaroom,andalsoh^kJwpressinB,e^ 

and neutral active ^yedes tended to have collided with a wall surface namely,, the hlgh-^ed film deposition 
procesdng cfa lot of oxygen atoms generated by etevated-tempera&jre nonequitbrium friasma was atoned. 
IP03SI In ffiis &^ple, the pctmiSsd conbvlllng mediarnsm 30 is usefiJ to rsteing the st^ cx)verBge of Si02 film. 
Altiioi^ ffie oxygen atom has contrityutedto tiie reaction as menltoned atfove, the depios^ <:a'Si02f^ Bseff 
can cany out the impad oftiie film wUh tiie cation of the proofing interior of a room, iftiie potential oonbx>lling 
mechanism 30 is L^ed. Th&eby, tiie covering nature ofSi02 film can be raised in tiie level difference s&Aton side 
face cf the pattern ameritiyt)^br^iandpnockice^ Totiiiscation, tiieptwriaoc^ifhement 

qyeration by the multi-cusp Held will wori^, and tiie effectiveness of the impad qyeration by tiie catton arise in 
fiomogeneityova'a large area. Wfien not using tiie potential controlling medianism 30, a st^ covmage property 
w^behf&ion When tiie pdent^contrdSr^ medianism 30 was used, tiie 

SO? fOm by tiie tiiidmess of sdxxA 2 mkmm&ms on tiie level differaioe of 1 mh^ometer whidi e)dsted befaehand 
on the wafer. This technique is important e^Dedally for the production tedinique of the multilayer Interconnectiai 
used witii tiie ma&r^tin tiie degree ofintegratton of a semi-conduda-, or tiie expc^L^e tedinkjue (the deptii of 
field needed h tfie case of&qx^iMe is shaKow.) of a detaited paBem, 

IP03ES By tiie way when both oxygen and sBane are ffifrocftjcecf firm tiie 1st gas installation device 70, a t^ac^ 
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mainly progresses in the interior of the elevatediemp&ature nonequHil^rium plasma 60, and its near, consequenffy 
the homc^eneity of substrate processing worsens, and there is a tauB: tfiat a deployment of materia gas cannot be 
performed, eiffier. On the o^ertiand, when t>oUi oxygen and silane are introduced irom the Siid^ mstaSatkm 
device 80, only the oxyg&i diffused in tfie d^charge tuiDe 51 will be activated by elevated-temperature 
nonequilitxiiMv fJasma, the ac^tion effectiveness of oxygen decreases, and th&e is a fault whidi cannot perform 
actef^ymentofmalj^lalgastoo 7h&ieibP9,SKJ2TorTierrd}ran(XJSc^Jo^^ 
togelh&ihe 1st gas installation de\4ce 70 and the 2nd gas ir^tailation device 80 as m^^^ 
[0037] l^oreover, in the above-merrtionediilm producHon conditions, if nitrous oxide gas (N20) is introduced 
instead cfoxyg&i gas frrni the 1st gas Installalton devte 70, nttrogm can produce Si02 fUm (it may be called ^e 
SKDNObT}) Y^k±i canted oiA Kite rruxkig, Fvr&i&more, instead of oxygen ffanmonlagasortheamrriormgas 
of nitrogen dilution Is used, an SIN film is producble. This SIN film can t>e used as the object for the passivatton of a 
semkx^uaorde^/kie, or an obiecifi[X' the gate dietecM: film of TFT (thin fSm trans^tor). In the case of 2/7/s SIN film, 
ifthepotenttel controBlng mechanism 30 is used, itispossS:^ tocontmlnotonfya st^ coverage but the stress of 
the deposition film. 

[0038] Furthermore, only by Introducing oxygen gas from tiie 1st gas installation device 70, when not using the 2nd 
gas ir^tal^Son de\4ce 80, it can use for ashing of a photoresist, tijedeaning for otganic substance r&nov^, or 
scalffigcfthesut}slralBqwSly of ^material- Fbrexarr^,ha^ryofaphotore^ or ttiedearmgfcx' removal 
of the cranio substance, wh&i temperature of a substrate was made into stout 120 degree C, it has processed 
effective^. In this case, as for the flow rate ofox^en, tt^ direction of effectiveness of a large quanSy was size fran 
10Ctecan(s), Also kt ftus case, h the silicon waiier w^ a diametBr of 10 irjches, tromogeneous goodproc^^ng 
was possible. 

[0039] >\s processing whidi oddlzes the sut^trate quality of ffte materia!, it is effective in production of metal oxide 
films, siK^ as fxodiK::&m of an oxide superconductc^, a tantalum, titanium, a rutlTenium, iridium, a tur^ten, and 
akjmbnim,o^dde'f^pzxAictic^ Vwo^ddei«mcfatantalumcanbeL^^ad^eciri^ 
capadtors of a semiconductor ctevice. Titanium can t>e used as ion ayrduc^\nty fUm and the oxide of a ruthenium, 
irkJium, anda turigst&icant)easedasa titaniiMn<liaxktesemicorKtuctorelec ot^ect for tiie sensing 

matter tim fSms of various sansoR^ orathhUhv for (A? MIZUMU Afumintm oxide can be userfas an ir^ulatortiiin 
fSm of various devices. The thickn^s of the oxkMng zone cf these oxklation treatments wassettledh **3% of 
dis^bution in the fteki witii a diameter of 10 in<^es, and was able to acquire very good homogenehy. 
[0040] Dravmp 3 is ttte iiansverse-plane sedtonal view of tiie 2rKi examf^e of tNs invention Multi-cusp fteld 
devekyrnerTtalrrtedTanbscMsrsarKfc^ 

same sfgnisattadredtotiiesamepartas the example o f drawing 1 . Multi-cusp field develcpmental mechanics 
SCte of this examf^ fcmns the ring-^e multi-cusp Held by arranging a magnetic pole by turns in the vertical direction 
onffieout^eofthat^/eattadvnentw^L Moreover, the m^net is arranged also to proces^ry room 3 a top and 
the bottom. Each m^ietSIa was macte smaller tiian tiie m^net shown hi drawhg 1 , ssidis amar^^dms^, 
Altiiough trouble starts manufacture of multi-cusp field ctevefopmental mechanics compared with the example of 
drawing 1 , tiie use effectiveness of the active spec^ in tiie processing interim' of a room can t)e rwsed In tills 
exanyjte. 

[004 1] Drawing 4 is the tr^isverse-plane sectional view of the 3rd example of tills hvention. It differs from the 
&cample shown in drawing 1 in tiiat the magnetic field devek^ental mecfranks for discharge was pr^^ared in tiie 
perimet&r of the disdiar^^ tube 51, and otiier parte are the same, Therekxe, the same s^n is attached to tiie same 
partastiieexan^i^ofdtass!^^ 

an electromagnet 55 Ispr^saredin tiie perimeter of tiie antenna 52 of tiie outeide of tiie disc^iarge tube 51. 
Ther^y, ir^te thedlscliarge tube 51, a magnetic fieklis formed in the v^^^al cSreOkm. If the htertoroftiie 
cBsdiarge tute 51 is made to genersda a m^ne^ flekf, generating and its maint^mice of the etevated- 
temp&ature nonequiliMum plasma 60 m the kw voita^ force will become easy. 
[0042] Drawings is the transverse-plane sectional view of the 4th example of tills Invention, This example 
comtflnes tiie magnetk: fiddde\^kv>nientalmediank:s fc^disdiargeshoym In tiie equpm&it shown In drawing 3 
afdtesjw^^ ftiri/7er. The 

configuration of tills antenna 52a s ^own in drawing 6 (A). This antenna 52a is the (xmtiguralton v\^idi opens bvo 
rings in tiie vertical direction and has ananged ^>ai^ kisteadofa coitedformas shown In ckawina 1 , However, 
these rt^s are continuing ]Mffi one axiductar. If the mtenna oftiib conf^fimtion is used. Urn eiev^ed^temp&iakrre 
nmequMxtmi i^&na of higher ton d&isfy can be gen&Bted Dnawhia6 (B) is arx^tiier exarry^ of the same 
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antenna, and tiie part of ^ root of arienna 5^ lias become coaxial 

100431 Drawing T istiTe tmnss/^se-olane sec&XTsd vjewofttie ah examote of this in\/&dkm. Thb&^tn^eiBmaves 
the 1st gas hstallation device 70 from the equifxnento fdravnng 1 . VWienitctoes in thb way, although it is 
disadvantageous Horn the \flewpoint of generating of active spades as atx^ve-mentioned, from a viewpoint on 
equipment manufacture, tiiere is an advarrtage tom which processing and instaiiation of the disctmige tube 51 
beccmees^y, 

[0044] Next, Uie combination of the ctass of neutral adsve spedes which contrilxttes to plasma treatment, and the 
qu^ityofthe materia of a neutral ac^espedesreileaivem&nbe^ ThenextMste 1 ^lowsthe 

purpc^ off^asma tr^tnent the neutral acffve specnes v\^ldi parUdpadBS in the process^, and the qi^Hy of the 
material of the reltecHve m^tyer for reflecUng tiie neuba! active spedes effedSvely, AHhough the cable adcbess tias 
shomtapartcfquaifyoftlTeniatBrialofareftet^venTenf^ the s&vantics is stKJwn under a table, 
[00451 
[Table 1] 

The processing purpose Neutral active spedes Reflective member Si02 Deposition O atom SG, PG, AO, TFSiN 
d^sOion Natav SG, PG, AO, SiN etcNng Fatom IT, AO etching CI atom 7F, SG, PG, AO diamond Him 
d^josnton Halm)AO'aamond[SlC, SiN, SG, PG, and J-like Carbon ISm cteposl&m Habxn S/C, S/N, SG, PG and 
AO, however SG - Quartzgfass PG - Pyrex fiiadem^ ^bssA0-alLHnhum203 TF- Pofyietra^joroeth^ene 
[0046} 

[Effect of the Inv&iSkm] Since this invention s^jaraited the plasma of the processing irjterior of a room ircm the 
ffTtemal surtace cfa prooesshTgroomtjytt^nujIti-cusp fieki ]/\^Be generatAy a lot of neutral aciive^)edes ushg 
elevated-temperature nonequiiibrium plasma, it becomes possible to cover the internal surface of a processing 
room by the neutral active spedes reflective member, and ft can prevent a useless reduction of neutral active 
spec/es. Ccxisequ&itly, good sti)strate processing was attuned at tiie large area mverir^atngh speed and 
t^onrngen^. 



DESCRIPVON OF DRAWINGS 



[Brief D^cription of the Dramngs] 

fDrawino 11 It is the transv&se-plane sectional view of tire 1st example of this invention. 

[Drawing 21 They are theA-A line Seconal \4ewof dramna t . and an e)q}ansion horizorrtal sectional view n^the 
imces^Tghterica'waB&de. 

lDrav\^ng3J ltis tire tiansverse-plane sectional view of tiie 2nd example of this invention. 
[Drawing 41 It is tiie transverse-plarre sec&xrat view oftiie 3rd example of this invention. 
[Drawing 51 ft is tfm tmnsvmsei:^ane sectional view of tire 4th exsairf^ of thb hventton. 

IDrawinaei It is the p&spective vmv showlr^ tiie configuration of the antenna oftiie exan^ sfrown in drama s - 
[DrawirKiTf It is tire transverseplane secttor^ view of the Sfif? exarrv^e of tills mv&ition. 
[Description of Nolatior^] 
1 '-Si^jstratB 

2 - SuijstratB electiode hdcter 

3 - PtooessB^ room 
4-AaivBspec^ 

20 - Temperature-control devte 
30 - Potential conbol^ mectiarnsm 
40 - Exhauster sl^ 

50 - Eemted^errrperatLoie norrequl&xiLffn plasma developm&Ttalmech^ics 
60 Be)f^ted-t&vperature nonecpMyrium plasma 
70 - 1st gas hstallatkm device 
80 "^id^hstaBation device 
90-MuKi<^j^Selddevi^0pmentalnie(^i^^ 
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